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Abstract: In the article, the new improved auger design of the unit for cleaning small impurities 
in cotton preliminary processing is theoretically designed and the friction coefficient of this auger 
depends on the rubbing surface. Bond graphs were obtained from theoretical calculations. 
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One of the main working organs of the cleaner developed by us to increase the efficiency of cleaning 
cotton from small impurities is a screw auger [1]. The study of the process of cleaning cotton from 
impurities performed in this has a great impact on the alternative of the entire cleaning procedure, 
therefore, the movement of cotton in the screw working part of such a cleaner was theoretically 
analyzed. 


Figure 1 shows the diagram of the forces acting on cotton during transportation on a screw conveyor. 
The screw surface is formed in the form of a line sliding trace, which rotates around some axis, and at 
the same time creates the movement of the axis in advance [2-7]. 


Figure 1. Positioning of forces and fixed and moving coordinate systems on a material point on a 
screw conveyor 
It is known that the movement of cotton on the conveyor is considered complicated X=rcos @,, 
Y=rsing, Z=aq can be presented in the following form according to the axes [8-15]: 
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2 
N, cos a — f,N, sina —ma (<4) —Gcosy sine + f,N, cos B — f,N, cosa — N, sina — 
2 2 
mr (<S) = 0; Gsiny cose +mrw2 + mr (=) —N,- 2mrwy = (1) 


Here: N; - normal reaction of inclined plane; fl-the coefficient of friction of the material to the screw 
blade; a- the angle of elevation of the screw line: 


S 
a =arctg —; (2) 
2ar 
S- screw pitch; r- outer radius; / = — - elemental mass of the material; G- the weight of it; v- the 


angle of inclination of the shaft axis to the vertical; Nz-shell moderate reaction; fo- coefficient of 
friction of the material to the shell wall; (- velocities are transferred v, and absolute 7 angle or 
angular index medium vectors; a = rtga- indicator of the screw working body; 
do dp 
4 at r(wo~Ge), (3) 


sinB=—"; cos B is 


trigonometric indicator [16, 17] function; g- constant angle @, angle of deviation of the particle in the 


P i 
—— =@ ~— Angular 
dt 


velocity of the relative motion of the material point; «- the angle defining the relative position of the 
point in relation to the vertical plane: 


é=y+(-9); (4) 


rotation of the screw working body with a speed [1/sec]; P = f (t ); t- time; 


2 


Y= Ql - the angle of rotation of the screw conveyor in time; 7 ae inertia effort force; 


: ee . dp\2 . ee 
ma-r- centrifugal force of inertia in the transferred motion; mr oe centrifugal force of inertia in 
0 8 dt & 
2 


: ; d — QP : es 
relative motion; 2MW or ~ Coriolis force; a a - axial force of inertia. 


Based on the theoretical study of the movement of cotton mass on a screw conveyor [18-24], it was 
shown that when the mass of cotton pieces moves along the screw conveyor in a length equal to the 
entire screw pitch, it moves with a variable speed depending on the screw pitch of the screw working 
body, the filling coefficient of the screw conveyor, and the viscosity of the cotton pieces mass. (Figure 


2). 
System (3) into the third equation 
_ ap _ . _ WocosasinB dp _ vsinB _ wocosasinB _ be _ ap _ 
al a vsinB = sin(at+B) ’ dt a sin(atf) oO ae 
vcosB _ Wocosasinp (4) 
ro sin(a+B) 
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Figure 2. Parallelogram view of speeds 


When considering the theory of motion of a separate material point, including a piece of cotton, the 
equation with an angular index for any screw working body can be written in the following form [25, 
26, 27): 

ie [eer sin’ acos’ B+ gsinycosesin’ (a+ B) cos fB-sin Btg(a +Q, )| a 5) 
g sin’(a + B)|cos ug(a+@,)—siny sin é| 


y =90° when the equation applies to the working body with a horizontal screw in our case [28]. 
The following can be derived from equation (5) to determine the limit orders and performance of the 
screw working body: 


gsin?(a+f)[cosy tg(at+@,)—siny sine] 


[cos(B — sin 6 tg(a + #1)]) a fale 


wersin2 a cos?B+gsiny cose sin?(at+B)| 


(6) 

All quantities in the denominator of equation (6), exceptw4 , have a final value 
@, — 0 when, we have the following: 

cos B — sinB tg(a + ~,) = 0; B = 90° — (a+ g,) (7) 


When y = 90° for a horizontal screw working body, the expression (16) is formed, independent of wo, 
and taking into account that e=0. 


For all types of screw working bodies, no matter how large the value of Wo is, the average size of the 
angle 6 will not exceed the value according to the formula (7). But in the case of horizontal screw 
working bodies, when B=90°, the cotton piece moves along them parallel to the axis of the screw 
working body. 


When B = 90°: 
v, = vsinB = wor tga. (8) 
In this case, equation (5) takes the following form 


siny sine 
tg(at+@ 1) 


(9) 


y = 90° — 6 when changed to, here 6- the angle of inclination of the axis of the screw to the horizon, 
expression (9) takes the following form. 


f2siny cos € = —cosy + 


cos6 sine 


f2cos&cos € = — sind + Fae (10) 
For horizontal screw working body 6=0, in that case: 
f, cose = ne; tge = f, tg(at+ 1) (11) 


 tg(a +9)’ 
It follows from equation (11) that e=0 from the bottom 
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Eo= arctg [f2 tg(a + 1)] (12) 


when turning to an angle, a piece of cotton moves at a speed determined by the formula (8) along the 
generator of Wo at any value of the horizontal screw working body. 


When the screw working body is installed obliquely; 


Ey = & +4, (13) 
Here: 
A = arcsin[tg6 tg(a + @1) coséo| (14) 


A piece of cotton e=0 so as not to have an axial shift in the lower position B = 0,v, = 0 should be 


In this case, from equation (5) we have the following: 


_ _|gcosy tg(at+@.) _ gsiny 
Wo = focesr tater.) a (15) 


The working body of the proposed cleaning screw is located horizontally, in which case: 


wy = | -% (16) 


rT 
And this is impossible @ empty set. 


It is known that in the case of e=0, the angle b for the horizontal working body must correspond to the 
expression (17) and is equal to zero under the following condition B = 0: 


a=90°+ 9, (17) 
ie., the irrational elevation angle of the screw line is zero in the condition that the cotton cannot be 
transported: 


In the considered screw working body with a constant axial speed, it is appropriate to enter the average 
angle Pmeai the absolute and partial speeds [29, 30]. 


Then we have the following: 
Wor sina sinBmedi 
sin(a@ cs Bmeai) 


Wyp = Wer sind sinBpety/sin(a@ + Boetw) (18) 


Uimedi = Uzmedi = U SinB medi = 


Here Wg = Wo- angular speed of the shaft of the screw working body; 


=n | gtg (a+@pi)cosy 
oe r fz [cosBmedi-SiNPBmeaitg(at+91)] , (19) 


The alternate angles of the risers of the screw lines of the working body of the cleaner have a great 
influence on the movement of the cotton pieces. 


Maximum axial speed and productivity are ensured by the alternate pitch angle of the screw lines. 


_1 Wo The Pr 
a, = Farctg (20) 


gives the following expression: 
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__ arctgoo 
ro 2 


Pi _ O Pa 
— 2 = 459-2 (22) 


In screw conveyors, the critical radii are considered a classification indicator, they determine the 
boundaries of the part where the cotton pieces have an angular speed of the conveyor Wo and their axial 
displacement stops [31-35]. 
(6) from Eq, y = 90° — 6, 8 = 0 after substitution, we get the following expression: 

lz ((w)grtgcosd cose) __ 
g [sind tg(at+@,1)—cosé sine] 1. (23) 
From equation (2) we can see @o as the required quantity, where r and a correspond to the edge screw 
line of the conveyor. 
At any @o we have the following: 


__ glsinéd tg(at+@,)—coséd sine—f,cosé cose] 


— 2 
F206 


ip (24) 


According to the equation (23), it is possible to determine the influence of all indicators on the 
magnitude of xp. 
For horizontal conveyor (5 = 0°) 
g(—sine-—f2 cose) 
i, = 25 
*P fr} ey 
In this case, the effect of a and r on the edge and the step S on 7,is dropped. In the lower case € = 0, 
Tp has an insignificant value 
bynu (bu3vkaBuii Ma3MyHH MaBbJIyM, YYHKM TOpv30HTasI HIGH OpraHiapya Xap Kanai Wapontuapya 


xucM B = 90° — (a+ @,) Sypyak ocTuyza XapakaTuaHa Oommaligu: B = 0 Ba cp = 90 — 1, xonaTu 
XaM OYJIMIM MyMKHH. 


The physical meaning of this is known, because in horizontal working bodies under any conditions the 
body begins to move at an angle B = 90° — (a+ @,): B =0 and Ap = 90 — @,, can also be the case 


In this: 
S=2n 00, = 20 t C9G.0) = a (26) 
Kp Kp Kp Kp 1 fi , 
In this: 
S 
rg =. (27) 


tgé = tge = f2tg(a + 1) determined by the condition ¢ = 0 in an angled position 7, it is possible 
to know what value it will have, in which the cotton moves parallel to the axis along the shell cylinder 
on the horizontal conveyor [36-41]. 


Substituting equation (26) we determine the following: 


[tg(a+p1)+1] 
i, = = Fa fi ft): (28) 
fows, |1+fZ te(a+@1) 


In the next part of our research, we will consider the influence of design and layout factors on the 
performance of the cleaning screw working body. 
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In a cleaner with a screw working body, mathematical models representing the dependence of the 
cotton axis speed on the axis of the screw working body inclination angle y, critical radius r, the angle 
of elevation of the screw line a, angular velocity wy, cotton friction coefficients f; and f2 were 
obtained and the indicators were calculated as a result of the performed calculations. r = 230 mm; a = 
300; f\=0.3; f.=0.4; np=260 min™'; S=300 mm.; b = 200 mm. It was found that the curve of the change 
of the average axial speed in the cleaner with a screw working body has a sinusoidal form. 


eye ye ee pc 
Vimedi = & (4 on Sin y). (29) 
Here a —coefficient to be determined; y,; — quarter the period of the function, in this case equal to 90°. 


Tape length of the screw L = ,/s* + (1D)? , mm, and to find the surface of the tape [42-45]. S = L * 
b, mm” formulas are known. The length of the peg installed instead of the tape L = 2ar, mm, and 
finding the pile surfaceS, = L, * b,, mm’. 

It is necessary to determine the values of cotton friction coefficients f; and f2, because the coefficients 


of friction of cotton with a tape or pile with a flat surface have different values depending on the value 
of the surface. We can see this in the graph below (Figure 3): 


f1 
0.9 
0.8 0.8 
0.7 
0.6 0.6 
0.5 
0.4 


0.3 


4279200 3118240 5633160 
$1 S2 $3 


S;- the surface of the screw tape; S2- surface of screw piles; S3- the surface of the screw conveyor belt. 
Figure 3. Dependence of the coefficient of friction on the rubbing surface 


It can be seen from this graph that the smaller the friction surfaces (Si, S2, S3), the smaller the 
coefficient of friction (f,), and we conclude that the smaller the coefficient of friction, the less fiber 
and seed damage. 


PAL 


Taking into account that the number of revolutions of the screw "n" and the angle of elevation "a 
have a great influence on the cleaning process, the following graph of the number of revolutions and 
the angle of elevation is drawn (Fig. 4). 
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Figure 4. Graph of dependence of the number of revolutions on the angle of ascent 


It can be seen from the relationship in the given graph that the number of revolutions increases 
correspondingly [46-50] with the increase of the angle of ascent, and such a relationship has the form 
of a straight line. 


The formula for calculating the average axial speed: 


94 (09) +94 (100) t+) (3500) 
, 


ny 


(30) 


Oimedi = 
By calculating the axial velocity average using this formula, ¢ = 0; 10°, 20°, .....,350° all information 
can be obtained for screw working bodies with precise indicators in the change. 

In particular, fi= 0 > 1,0; 
fo =0+1,0; a=5+60°; r = 0,025 + 0,3 m; np = 10 + 500 min™?; y=0+90° Changes in 
the range for all cases: 

Onedi < Oimedi < Dimedi- (31) 


Based on the analysis of this process, the axial average in the horizontal screw working body Ji meqi 
the speed f2 A graph of the variation of the friction coefficient was developed (Fig. 5). 


0,3 


0,8 
Vimedi 


Figure 5. The graph of the change of the axial average speed Vjmeai depending on the coefficient 
of friction f, in a horizontal screw working body 
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In the horizontal screw working body 6 = 0, Ww — wVsind = wo. 


From a physical point of view, this means that in the screw working body in the cleaner developed by 
us [51], a piece of cotton reaches the screw line maker at an angle € 9 (13) when determined according 
to the lower case B (8) and moves along (9) at the speed of progress 0. 


Summary. 


1. In order to speed up the process of cleaning cotton from small impurities in the cleaner, a new 
design of the screw auger, one of the main working organs of the cleaner, was developed and a force 
scheme was built. 


2. In order to increase the cleaning efficiency and quality of the processed product, a theory of a new 
supply device for cleaners was developed. 


3. The theory of the dependence of the friction coefficient of the auger cleaning from small impurities 
in the initial processing of cotton on the rubbing surface was explained, and connection graphs were 
obtained. 
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